Bile acid sequestrants are synthetic polymers that bind bile acids in the gut and are used to treat dyslipidemia and hyperphosphatemia. Recently, these agents have been reported to lower blood glucose and increase insulin sensitivity by altering bile acid signaling pathways. In this study, we assessed the efficacy of sevelamer in treating mice with non-alcoholic fatty liver disease (NAFLD). We also analyzed how sevelamer alters inflammation and bile acid signaling in NAFLD livers. Mice were fed a low-fat or Western diet for 12 weeks followed by a diet-plus-sevelamer regimen for 2 or 12 weeks. At the end of treatment, disease severity was assessed, hepatic leukocyte populations were examined, and expression of genes involved in farnesoid X receptor (FXR) signaling in the liver and intestine was analyzed. Sevelamer treatment significantly reduced liver steatosis and lobular inflammation. Sevelamer-treated NAFLD livers had notably fewer pro-inflammatory infiltrating macrophages and a significantly greater fraction of alternatively activated Kupffer cells compared with controls. Expression of genes involved in FXR signaling in the liver and intestine was significantly altered in mice with NAFLD as well as in those treated with sevelamer. In a mouse model of NAFLD, sevelamer improved disease and counteracted innate immune cell dysregulation in the liver. This study also revealed a dysregulation of FXR signaling in the liver and intestine of NAFLD mice that was counteracted by sevelamer treatment.
The epidemic proportions of obesity in the United States have resulted in non-alcoholic fatty liver disease (NAFLD) 2 becoming a serious healthcare burden. Recent estimates of nationwide disease prevalence have been as high as 37% with the mean around 30% (1, 2) . This makes NAFLD the most common cause of chronic liver disease in the United States (3) . The high prevalence of NAFLD is alarming because people with NAFLD and comorbidities such as type 2 diabetes mellitus, hypertension, and obesity are at serious risk of developing liver fibrosis and even cirrhosis (4 -6) . Given the risks and prevalence, it is no wonder that NAFLD is projected to be the leading indication for liver transplant by the year 2020 (7) .
Bile acid sequestrants are non-absorbable, cationic polymers that bind bile acids as well as a host of molecules in the gut and prevent their reabsorption. They are approved by the Food and Drug Administration for the treatment of dyslipidemia and hyperphosphatemia (8 -10) . Beyond their ability to prevent bile acid and phosphate absorption in the gut, bile acid sequestrants have been reported to modulate fat and glucose metabolism by activating TGR5, a G protein-coupled receptor that binds bile acids (11) (12) (13) . Recently, it has been discovered that bile acid sequestrants also improve insulin sensitivity and reduce obesity and liver steatosis in humans and mice (11, 14 -16) .
In recent years, convincing evidence has surfaced that farnesoid X receptor (FXR) plays an important role in modulating inflammation caused by metabolic stress (e.g. dyslipidemia, overfeeding). However, it is unclear exactly what that role is. There is evidence that FXR signaling can be beneficial or detrimental depending on the setting. In one study, Ldlr Ϫ/Ϫ Fxr Ϫ/Ϫ mice fed a high-fat diet developed more severe liver inflammation and hepatocyte damage compared with Ldlr Ϫ/Ϫ mice (17) . However, in another study, overexpression of FXR sensitized mice to cholesterol-mediated liver damage (18) . Further complicating the matter is the recent finding that FXR signaling may behave differently depending on the specific tissue in which it is expressed. FXR agonism in the liver has been shown to improve NAFLD inflammation (19) , but, paradoxically, antagonism of small intestine-specific FXR also improves NAFLD (20) .
In this study, we evaluated the effects that sevelamer has on NAFLD mouse livers. We assessed how sevelamer treatment affects immune cell infiltration and the phenotype of macrophages in the liver. Furthermore, we investigated how Western diet feeding and sevelamer affect FXR signaling in the liver and
Results
Western Diet Feeding Induces NAFLD Pathology and Proinflammatory Transcriptional Changes That Are Improved with Long-term Sevelamer Treatment-To better understand the effects of oral sevelamer on diet-induced steatohepatitis, we established a mouse model of obesity by feeding a group of C57BL/6 mice a Western diet (WD) for an extended period of time (a total of 24 weeks, see "Experimental Procedures"), whereas a control group was fed a low-fat (LF), low-sucrose diet. Western diet feeding caused a significant increase in serum alanine aminotransferase (ALT) ( Fig. 1D ) as well as severe increases in mean body weight (133%) and liver weight (1261%) compared with LF mice (Fig. 1B) . Furthermore, analysis of H&E-stained liver sections of WD mice revealed marked changes consistent with NAFLD ( Fig. 1A) . Liver steatosis and lobular inflammation scores were significantly increased in WD mice compared with controls ( Fig. 1C ). Sevelamer treatment in these long-term WD-fed mice (WDS) improved the histology and body and liver weight as well as liver steatosis and inflammation ( Fig. 1, A-C) .
Supporting the histologic analyses, transcriptional changes in pro-inflammatory and pro-fibrotic genes were also caused by Western diet feeding. As expected, WD mice had markedly higher hepatic expression of the pro-inflammatory cytokines interleukin 1 ␤ (Il1b), tumor necrosis factor ␣ (Tnf), chemokine (C-C motif) ligand 2 (Ccl2), and interleukin 6 (Il6; Fig. 2 , A-D), all of which have been implicated in NAFLD pathogenesis (23) (24) (25) (26) (27) . These cytokines and chemokines recruit and activate innate immune cells and drive pro-fibrotic processes. WD mice also had higher hepatic expression of the pro-fibrotic genes transforming growth factor ␤ 1 (Tgfb1) and ␣ smooth muscle actin (␣-SMA; Acta2) compared with controls (LF mice; Fig. 2 , E and F). Tgfb1 is a mediator of stellate cell activation in the liver, whereas ␣-SMA is expressed by activated stellate cells (28) . After 12 weeks of diet feeding, WD and LF mice were treated with sevelamer or no drug, creating four treatment groups: WD, WDS, LF diet, and low fat diet plus sevelamer (LFS). The treatment phase lasted an additional 12 weeks, after which we assessed the ability of sevelamer to improve disease. We found that sevelamer treatment in Western diet-fed mice significantly improved obesity and disease by multiple measures. On average, WDS mice had a 61% lower body weight and 76% lower liver weight than WD mice ( Fig. 1B) . In fact, the body and liver weights of WDS mice were nearly at control levels (LF mice). Pathology scoring revealed that liver steatosis and lobular inflammation were significantly reduced in WDS mice compared with WD mice (Fig. 1C ). Although some steatosis persisted in the WDS treatment group, both macro-and microvesicular steatosis were significantly reduced ( Fig. 1A) . Consistent with the histology findings, average serum ALT was significantly lower in WDS mice compared with Western diet controls ( Fig. 1D ).
Gene expression analysis showed that WDS mice had much lower expression of pro-inflammatory and pro-fibrotic genes than their WD counterparts ( Fig. 2 , A-F). Indeed, it is worth noting that expression levels of Il1b, Tnf, Il6, Ccl2, Tgfb1, and Acta2 (␣-SMA) in WDS mouse liver were not significantly higher than in LF mouse liver ( Fig. 2 , A-F).
Sevelamer Inhibits Activation of Liver and Intestinal FXR in NAFLD Mice-Bile acid synthesis is controlled by FXR-mediated negative feedback in the intestine and liver (29) . Bile acids, the natural ligands for FXR, are reabsorbed in the terminal ileum where they activate FXR and induce FGF15 transcription (Fig. 3A ). This protein is released into the portal blood, where it travels to the liver and inhibits transcription of CYP7A1 ( Fig.  3A) , the rate-limiting enzyme for bile acid synthesis from cholesterol (29) . Reabsorbed bile acids can also travel through the portal vein and activate FXR in hepatocytes (Fig. 3A ). FXR dimerizes with the nuclear receptor retinoid X receptor and induces transcription of many genes, including the inhibitory nuclear receptor small heterodimer partner (SHP). SHP, in turn, dimerizes with specific nuclear factors and prevents transcription of various genes, including CYP7A1 (29) .
Sevelamer acts by binding bile acids in the gut, preventing their reabsorption in the terminal ileum, and alleviating the negative feedback on bile acid synthesis ( Fig. 3A) . We investigated the effect of sevelamer on hepatic FXR signaling in the setting of NAFLD. Long-term WD-fed mice had markedly ele-vated hepatic Shp expression compared with LF controls, implying that liver FXR signaling was highly active in these mice ( Fig. 3B ). However, expression of liver Shp in the sevelamertreated mice (WDS) was not significantly higher than in LF controls ( Fig. 3B ), suggesting that sevelamer treatment normalizes FXR signaling in NAFLD livers. The expression of Cyp7a1, which controls bile acid synthesis from cholesterol, was significantly up-regulated in both low-fat-and WD-fed mice that were given sevelamer ( Fig. 3C ). This increase in Cyp7a1 transcription is consistent with the Shp transcriptional data and implies that sevelamer inhibits liver FXR signaling. Supporting the liver data, Western diet feeding induced Shp overexpression in the ileum, whereas ileal Shp and Fgf15 gene expression was suppressed by sevelamer treatment (Fig. 3 , D and E).
To better understand the kinetics of bile acid signaling changes induced by sevelamer and to determine whether these changes were due to an epiphenomenon, we analyzed bile acid gene expression at a time point when NAFLD pathology was still present (i.e. 12 weeks of diet followed by 2 weeks of diet with or without sevelamer). Unlike the long-term mice, these short-term mice did not demonstrate significantly higher levels of Shp in the WD diet group compared with the LF controls. This is likely due to the fact that WD mice in the long-term treatment study were fed for 10 weeks longer. Nonetheless, by week 2 of treatment, sevelamer had down-regulated hepatic Shp and increased Cyp7a1 expression ( Fig. 4 , D and E). Similarly, expression of Shp and Fgf15 in the terminal ileum of WDS mice was significantly lower than in WD mice (Fig. 4 , F and G). No such transcriptional effect was observed in the colon (data not shown). Next we measured bile acid concentration in the portal vein and found that sevelamer-treated mice had lower levels of total bile acids than their non-treated counterparts (Fig. 4C) , consistent with the mechanisms of action described above. Collectively, these data imply that chronic WD feeding induces overactivation of FXR in the liver, which is alleviated by sevelamer treatment, and that, as early as 2 weeks after initiation of sevelamer treatment, bile acid concentrations decrease in the portal vein and FXR signaling changes occur within the terminal ileum and liver.
Hepatic Innate Immune Cell Dysregulation Is Induced by Western Diet Feeding and Reversed by Sevelamer-To better characterize changes in the liver produced by Western diet feeding and sevelamer treatment, we used flow cytometry to analyze intrahepatic cells isolated from mice in each treatment group. These analyses revealed a pattern of innate immune cell dysregulation in NAFLD livers, with the most striking changes occurring in hepatic macrophages. Recent studies in macrophage ontogeny have identified two populations of macrophages in mouse livers: a tissue-resident population that is derived embryonically and an infiltrating population that arises from bone marrow-derived monocytes after birth (30, 31) . These two populations are distinguished based on their level of expression of F4/80 and CD11b. Tissue-resident macrophages are defined as F4/80 hi CD11b low , whereas infiltrating macrophages are defined as F4/80 low CD11b hi . In this study, we refer to the tissue-resident population as Kupffer cells (KCs) and the infiltrating population as infiltrating macrophages (IMs). We used flow cytometry to study these two populations (see gating strategy, Fig. 5A ), and identified differences in KC and IM population size and phenotype between treatment and control mice in the long-term study. WD mouse livers had a significantly higher percentage of IMs than LF controls (Fig. 5, B and  F) ; however, no significant difference in the number of KCs was observed (data not shown). These results are consistent with other studies that have reported an increase in liver IMs in the setting of NAFLD (32) . Phenotype changes in both KC and IM populations were also observed in WD mice compared with LF controls. The KC population in WD mice had a significantly lower mean fluorescence intensity of the M2 marker CD206 (Fig. 5, E and J) , whereas the IM population had higher levels of the pro-inflammatory markers Ly6C and CD86. The percentage of Ly6C hi -positive (Fig. 5, C and G) and CD86-positive (Fig.  5 , D and I) cells in the IM population was significantly higher in WD mice compared with low-fat controls. There was also a concomitant decrease in the percentage of Ly6C low IMs (Fig. 5,  C, G, and H) . No significant change in Ly6 mid IMs was observed (data not shown). Ly6C hi monocytes are known to differentiate into M1-like macrophages, Ly6C low monocytes become M2-like macrophages, and Ly6C mid monocytes, although poorly characterized, display an intermediate phenotype (19, 33, 34) . CD86 is involved in antigen presentation and a commonly used marker of M1 macrophages (35) . These data demonstrate that Western diet feeding causes KCs to lose their M2-like phenotype and induces a large influx of Ly6C hi monocytes that differentiate into pro-inflammatory macrophages.
Notably, Western diet feeding also induced changes in intrahepatic natural killer (NK) and natural killer T (NKT) cell numbers. WD mouse livers had significantly higher numbers of NK cells than LF controls (Fig. 6, B and D) . NK cells have been reported to play dual roles in NAFLD pathogenesis, contributing directly to hepatocyte apoptosis as well as preventing fibrosis by killing early-activated hepatic stellate cells (33) . In this study, hepatic NK cell accumulation occurred, but no significant hepatocellular death was detected by histological analysis (data not shown), which supports the theory that NK cells protect against NAFLD progression. In contrast, hepatic NKT cells (defined as CD1d tetramer-positive) were also depleted in WD mice (Fig. 6, A and C) . This phenomenon is consistent with reports from other animal models of diet-induced NAFLD. Activated liver macrophages cause NKT cell apoptosis in an IL-12 dependent manner, and this depletion contributes to liver steatosis (34) .
Although the effect of Western diet feeding on hepatic innate immune cells was profound, the effect of sevelamer treatment on them was equally so. Treatment reversed liver macrophage infiltration and phenotype change caused by Western diet feeding. Intrahepatic cells from WDS mice had a significantly lower percentage of IMs than WD mice (Fig. 5, B and F) . This reduction in IMs was accompanied by a corresponding reduction in the percentage of Ly6C hi -positive ( Fig. 5, C and G) and CD86positive IMs (Fig. 5 , D and I) as well as an increase in the percentage of Ly6C low IMs (Fig. 5, C and H) . KCs in WDS mice had significantly higher CD206 fluorescence than WD mice (Fig. 5,  E and J) . Notably, the averages of IM percentage, CD86 percentage, Ly6C low percentage, and CD206 fluorescence for WDS mouse samples were not significantly different from low-fat controls. Treatment also restored NK and NKT cells to LF control levels. WDS mouse livers had lower numbers of NK cells (Fig. 6, B and D) and higher numbers of NKT cells (Fig. 6 , A and C) than WD mouse livers. These data demonstrate that sevelamer reverses the dysregulation of liver innate immune cells caused by Western diet feeding. Using direct ex vivo analyses of mice given short-term sevelamer treatment, we found a trend toward decreasing numbers of infiltrating macrophages and Ly6C hi monocytes as early as 2 weeks after treatment initiation despite the fact that there was no histologic improvement at that time point (data not shown).
Discussion
Bile acid sequestrants may have therapeutic benefits for NAFLD (11) (12) (13) (14) . They are commercially available drugs with few side effects and are already indicated for use in patients at risk for NAFLD (i.e. those with dyslipidemia and chronic kidney disease). However, we felt that further interrogation of the mechanistic effects of bile acid sequestrants in NAFLD was warranted. In keeping with other reports (35-39), we have found that WD feeding in a murine model induced histologic and transcriptional changes consistent with NAFLD, and sevelamer consistently reversed many of these transcriptional and phenotypic changes. In accordance with our published data and those of other laboratories (19, 40) , we have shown that NAFLD is characterized by a large hepatic influx of Ly6C hi OCTOBER 28, 2016 • VOLUME 291 • NUMBER 44
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monocytes that differentiate into pro-inflammatory macrophages and a relative loss of Kupffer cells with an M2-like phenotype. For the first time, however, we provide evidence that sevelamer ameliorates the hepatic innate immune response by disrupting bile acid homeostasis.
We focused specifically on FXR signaling because of its central role in bile acid synthesis and enterohepatic circulation in the intestine and liver (41) . We found that mice in the longterm study that received a Western diet 10 weeks longer than short-term mice demonstrated significant induction of Shp relative to low-fat controls. Furthermore, sevelamer inhibited FXR signaling in the liver and terminal ileum. Hepatic and ileal expression of Shp was not significantly different between Western diet and low-fat mice in the short-term study. However, after only 2 weeks, the effects of sevelamer treatment became apparent with relative down-regulation of Shp and Fgf15 despite the fact that WDS mouse livers were still enlarged, steatotic, and inflamed (Fig. 4, A and B) . Thus, the short-term data show that the effect of sevelamer on FXR signaling was not simply an epiphenomenon.
Interestingly, our data suggest that, in the absence of overnutrition, sevelamer may cause mild inflammation. Mice consuming an LFS diet had elevated expression of Il1b, Il6, and Tgfb1 in the liver (Fig. 2) . These data suggest that bile acid sequestrants may be used most effectively when given to NAFLD patients who have difficulty altering their diet.
We acknowledge that there are additional bile acid signaling pathways whereby bile acid sequestrants may improve obesitycaused liver disease. Recent studies have shown that bile acids bound to sequestrants improve glycemic control in obese mice by activating TGR5 in the terminal ileum (12, 42) , and, because of their mechanism of action, bile acid sequestrants could potentially modulate liver X receptor signaling by altering oxysterol homeostasis (43) . However, we analyzed hepatic expression of certain liver X receptor target genes (e.g. Abca1, Abcg1, ApoD) in long-term treatment mice and found that, although Western diet feeding tended to induce expression of these genes, sevelamer treatment did not significantly affect their expression levels (data not shown).
Taken as a whole, our data suggest that sevelamer also inhibits FXR signaling by binding bile acids in the intestinal lumen and causing less reabsorption in the terminal ileum. This decrease in uptake of bile acids results in lower FXR activation in ileum and liver ( Figs. 3 and 4) . It is worth noting, however, that inhibition of FXR in the liver may have both beneficial and pro-inflammatory effects (19, 44) . Aside from hepatocytes, macrophages and sinusoidal endothelial cells are the other major cell types that express FXR in the liver. Macrophages are particularly interesting because FXR has been shown to suppress inflammation in these cells (45) . Thus, inhibiting FXR in liver macrophages would be detrimental. This may explain why mice receiving an LFS diet had low-grade liver inflammation ( Figs. 1 and 2) and why mice receiving a WDS diet had no significant improvement in inflammation or steatosis compared with WD mice at week 2 of treatment despite losing a significant amount of body weight (Fig. 4, A and B) .
Bile acid sequestrants are known to bind a host of molecules, including sterols, phosphates, and fatty acids (8) . Thus, it is also possible that the mechanism by which sevelamer improves NAFLD is not limited to the modulation of bile acid signaling alone. However, in support of other studies (12, 13) , we conclude that the effects of bile acid sequestrants are at least in part due to their ability to alter bile acid signaling. We have shown that sevelamer improves NAFLD pathology and inhibits FXR signaling in the liver and terminal ileum. Although FXR activation is decidedly anti-inflammatory in immune cells like macrophages, recent reports suggest that inhibition of FXR in the intestine may be beneficial (20, 44) . Furthermore, recent evidence that overexpression of FXR in the liver sensitizes it to diet-induced injury (18) implies that alleviation of chronic FXR activation in the liver may also be beneficial in the setting of NAFLD. Clearly, further study is necessary to better understand the role FXR signaling plays in NAFLD.
Experimental Procedures
Mouse Diets and Feeding Regimen-Both the Western and low-fat diets were purchased from Envigo (formerly Harlan). The Western diet (TD.88137) contained 42% kcal from fat (Ͼ60% saturated) and 34% sucrose by weight. The low-fat diet (TD.08485) contained 13% kcal from fat and 12% sucrose by weight. Sevelamer carbonate (Renvela, obtained from Genzyme) was mixed into powdered formulations of the Western and low-fat diets. The sevelamer-containing diets were 2% by weight. Male C57BL/6 mice that were 6 -8 weeks old were fed a Western or low-fat diet for 12 weeks to establish NAFLD. They were then fed diet plus or minus drug for an additional 2 (shortterm study) or 12 weeks (long-term study). Thus, in each study, there were four distinct treatment groups: WD, WDS, LF, and LFS. The long-term cohort contained 8 -10 mice/group, whereas the short-term contained 4 mice/group. Liver Histology-Liver tissue was formalin-fixed, paraffinembedded, sectioned, and H&E-stained using standard procedures. Blinded liver sections were scored for NAFLD severity as described previously (21) . Briefly, each section was given a score for steatosis (0 -3), fibrosis (0 -5), lobular inflammation (0 -3), and liver cell injury (0 -3). For the steatosis and inflammation metrics, the average of all scores from each treatment group (i.e. LF, LFS, WD, and WDS) was displayed in chart form (Fig. 1C) .
Intrahepatic Cell Isolation-For the long-term study, fresh liver tissue was homogenized, digested with collagenase medium (0.02% collagenase IV) for 1 h at 37°C, and washed with RPMI 1640 (Invitrogen) plus 10% FBS (HyClone). Red blood cells in the sample were lysed using 0.16 M NH 4 Cl and 0.17 M Tris (pH 7.65), followed by another wash and filtration through a 70-m filter. When not being used immediately, intrahepatic cells were suspended in FBS plus 10% DMSO and stored in liquid nitrogen. For the short-term study, livers were perfused with PBS prior to cell isolation. Briefly, the inferior vena cava was severed, a 25-gauge needle was inserted into the portal vein, and sterile PBS was pumped through the liver at a flow rate of 3 ml/min. Following perfusion, liver tissue was immediately homogenized and digested as described above. Non-parenchymal cells were then isolated from homogenate using Optiprep TM density gradient medium (Sigma-Aldrich). When not being used immediately, intrahepatic cells were suspended in FBS plus 10% DMSO and stored in liquid nitrogen.
Statistical Analysis-Results are expressed as the mean Ϯ S.E. Mann-Whitney U test was used to compare quantitative PCR data from each treatment group, and unpaired Student's t test was used to compare data from all other experiments. Prism 6.0 statistical analysis software (GraphPad Software) was used to perform the analysis, and a p value of 0.05 or less was considered significant.
Flow Cytometry-Fluor-conjugated antibodies directed against the following surface antigens were used: CD45 (30-F11, BD Biosciences), CD3 (17A2, eBioscience), NK1.1 (PK136, eBioscience), Ly6G (RB6 -8C5, eBioscience), Ly6C (AL-21, BD Bioscience), CD11b (M1/70, BD Biosciences), and F4/80 (BM8, eBioscience). One antibody directed against an intracellular antigen was used: CD206 (MCA2235A647, AbD Serotec). Cells were stained for 30 min at 4°C, washed twice (1% BSA and 0.01% sodium azide in PBS), and fixed in 200 l of 1% paraformaldehyde (Sigma-Aldrich). When performing intracellular staining, cells were fixed and permeabilized using Fix & Perm reagents and protocols (Invitrogen). Flow cytometry was performed using a BD FACSCanto II instrument, and data were analyzed with BD FACSDiva software (BD Biosciences).
Quantitative PCR-Fresh liver tissue was snap-frozen and stored in liquid nitrogen until use. Frozen tissue was homogenized in Buffer RLT (Qiagen) plus 1% ␤-mercaptoethanol (Invitrogen) using a Tissue Tearor TM (Biospec, Inc.). Total RNA was then isolated from cell lysate using the RNeasy mini kit (Qiagen), and cDNA was synthesized using the QuantiTect RT kit (Qiagen) following standard protocols. The following Qiagen QuantiTect primers were used: ␤ glucuronidase (Gusb, QT00176715), 18S ribosomal RNA (Rn18s, QT02448075), interleukin 1 ␤ (Il1b, QT01048355), tumor necrosis factor ␣ (Tnf, QT00104006), chemokine (C-C motif) ligand 2 (Ccl2, QT00167832), interleukin 6 (Il6, QT00098875), transforming growth factor ␤ 1 (Tgfb1, QT00145250), ␣-smooth muscle actin (Acta2, QT00140119), fibroblast growth factor 15 (Fgf15, QT00102137), small heterodimer partner (Shp, QT00319333), and cytochrome P450 family 7 subfamily a polypeptide 1 (Cyp7a1, QT00319333). Samples were run in triplicate 10-l reactions composed of 5 l of SYBR Green PCR mixture (Qiagen), 1 l of primer pair, 3.5 l of H 2 O, and 0.5 l of cDNA. Quantitative PCR was performed on an Applied Biosystems 7300 real-time PCR machine, and 40 amplification cycles were run as follows: 94°C for 15 s, 50°C for 30 s, and 72°C for 30 s. -Fold changes in mRNA levels were calculated as described previously (22) . Gusb was used as the reference gene for Tnf, Ccl2, and Acta2 calculations, whereas Rn18s was used as the refer-
